The Cupressaceae conifer Stutzeliastrobus bohemicus (Bayer) J.KvačeK comb. nov. is described from the Cenomanian Peruc-Korycany Formation of the Bohemian Cretaceous Basin. It is characterised by elongate ovuliferous cones with helically arranged thin, bilaterally symmetrical ovuliferous bract-scale complexes, bearing two to four winged elongate ovoid seeds per bract-scale complex. Ovuliferous cones are found attached to twigs of Cyparissidium-type shoots, showing amphistomatic scale-like leaves with an adaxial cuticle, bearing two stomatal bands with transversely or obliquely orientated monocyclic to amphicyclic stomata. The abaxial cuticle shows monocyclic to amphicyclic stomata scattered irregularly in the basal part of the leaf. The lectotype is compressed, but the 3D preserved lignified specimen, studied using X-ray microtomography, revealed its internal structure. It is compared to Stutzeliastrobus foliatus F.Herrera et al. from the Early Cretaceous of Mongolia, differing in morphology of its bract-scale complexes. The thin ovuliferous cone scales complexes of S. bohemicus bearing two to four winged seeds per cone scale argue for its relationship with Taiwanioideae, the basal subfamily of Cupressaceae.
Introduction
The diversity of Mesozoic Cupressaceae is large and new species are continually being discovered. Particularly the Cretaceous period represents a time of rapid evolution of this family (Stockey et al. in Farjon 2005) . The rich and diverse fossil record of Cupressaceae from the Jurassic to the Late Cretaceous provides excellent documentation of this process (e.g. Harris 1943 , 1979 , Escapa et al. 2008 , Rothwell et al. 2011 , Shi et al. 2014 . Mesozoic ovuliferous cones consisting of foliate, dorsoventrally flattened, helically arranged bract-scale complexes bearing a variable number of inverted ovules are characteristic for earlydiverging clades of the family (Farjon 2005, Schulz and Stützel 2007) . As a result of evolutionary studies by Gadek et al. (2000) based on molecular approach, conifers bearing this type of ovuliferous cone represent relatives of two relict subfamilies Cunninghamioideae and Taiwanioideae. The extant subfamily Cunninghamioideae is represented by Cunninghamia, with two species known from China to Vietnam and Laos (Farjon 2003 (Farjon , 2005 . Taiwanioideae is monotypic, with one genus Taiwania occurring on the island of Taiwan and several localities in China, Myanmar and Vietnam (Farjon and Ortiz-Garcia 2003, Farjon 2005) .
As already mentioned, cupressaceous conifers with affinities to Cunninghamioideae and Taiwanioideae are well represented in the fossil record. The first representatives of this group (Elatides) appear in the Middle Jurassic (Harris 1943 (Harris , 1979 ; similar fossils are known from the Late Jurassic of Scotland (Van Konijnenburg-van Cittert and van der Burgh 1989 , Rothwell et al. 2011 , Spencer et al. 2015 , Early Cretaceous of Canada (Rothwell et al. 2011 , Atkinson et al. 2014a and Late Cretaceous of Japan (Ohana and Kimura 1995) . Fossil Taiwanioideae are known already FOSSIL IMPRINT • vol. 74 • 2018 • no. 1-2 • pp. 179-188 (formerly AC TA MUSEI NATIONALIS PRAGAE, Series B -Historia Naturalis) from the Early Jurassic of Argentina (Escapa et al. 2008) , the Late Jurassic of China (Zhang et al. 2012 ) and the Early Cretaceous of Mongolia (Herrera et al. 2017) . The Late Cretaceous saw their gradual decline (Nishida et al. 1992) .
STUTZELIASTROBUS BOHEMICUS
The Peruc Flora of the Bohemian Cretaceous Basin is rich in fossil remains of cupressoid conifers, particularly from the subfamily Sequoideae (Kvaček 1997 (Kvaček , 1999b (Kvaček , 2014 (Kvaček , 2015 . However, conifers of basal subfamilies of Cupressaceae had not previously been recorded there. In this paper, beside the compressed material, we present a microCT study of a partly lignified ovuliferous basal Cupressaceae cone on a twig. MicroCT studies revealed a number of characters, including details of ovuliferous cone morphology, and arrangement of its cone-scales and seeds, and allowed reinterpretation of the conifer already described by Bayer (1914 Bayer ( , 1920 as Cyparissidium bohemicum. Our study indicates its affinities to Taiwanioideae, although there are characters different from Taiwania, e.g. the higher number of seeds per cone-scale.
Material and methods
The fossil plant material is derived from dark coaly mudstone, part of the freshwater Peruc Member of the Peruc-Korycany Formation (Bayer 1914 (Bayer , 1920 of the Bohemian Cretaceous Basin, as defined by Čech (Čech et al. 1980, Čech 2011) . The studied material occurs in a plant association consisting of pteridophytes -Nathorstia sp., Gleichenia fricii, one undescribed sequoioid conifer (interpreted by Bayer (1914 Bayer ( , 1920 as Sequoia sp.) and angiosperm foliage Myrtoidea geinitzii (Heer) J.KvačeK et GreGuš.
The locality was discovered in 1901 by Josef Borufka, a teacher at the local school, and his wife. They gave the material to Edvin Bayer for his studies (Bayer 1914 (Bayer , 1920 . All the studied material is housed in the collections of the National Museum, Prague (NM).
Lignified twigs were sampled by needle and cleaned in HF. After careful washing in water, the material was dried. Fragments of twigs were studied using an Olympus SZX 12 binocular microscope. Selected material was documented by SEM. Fragments were mounted on SEM stubs using nail polish, and observed in a Hitachi xS-3700N scanning electron microscope. Some fragments were used for cuticle analysis. After maceration with Schulze's reagent (HNO 3 + KClO 3 ) and neutralisation in water, the fragments were treated in a low concentration solution of KOH, which was used for washing out the oxidized coal matter. The time for oxidation was about 30-45 minutes. After chemical treatment, the cuticles were washed in distilled water in Petri dishes. For light microscopy, cuticles were embedded in glycerine and framed with nail polish. Cuticle preparations were studied and documented in a Olympus BX50 light microscope, using Nomarski DIC. The lectotype was observed in two microCT laboratories: Institute of Experimental and Applied Physics CTU (IEAP) and Centre of excellence Telč (CET). A detailed micro-radiography was made at IEAP using a WIDEPIX 10×5 large area pixel counting detector (Jakůbek et al. 2014 (Herrera et al. 2017 ) is based on well-preserved ovuliferous cones borne on Cyparissidiumtype twigs. Ovuliferous cones of Stutzeliastrobus are characterised by having thin, bilaterally symmetrical, bract-scale complexes bearing two to four winged seeds per cone scale complex. Its leaves are amphistomatic with the abaxial side showing stomata only in basal part. These characters are very similar to the studied material described by Bayer under the genus Cyparissidium (Bayer 1914 (Bayer , 1920 .
The most basal extant taxa of Cupressaceae, Cunninghamia and Taiwania, and Athrotaxis selaginoides (Gadek et al. 2000 , Farjon and Ortiz-Garcia 2003 , Farjon 2005 , Schulz and Stützel 2007 share many similarities with Stutzeliastrobus. All have helically arranged needle-like leaves and terminal ovuliferous cones with a large number of helically arranged bract-scale complexes (where bract has dominant position) bearing seeds that are inverted at maturity (Farjon 2005, Schulz and Stützel 2007) . Stutzeliastrobus differs from Cunninghamia in having a variable number (2-4) seeds per bract-scale complex, winged seeds and imbricate leaves. It differs from Taiwania in having more than two seeds per cone scale. Taiwania is similar to Stutzeliastrobus in having the ovuliferous scale having built predominantly by a bract (forming a bract-scale complex) and being very flat with an imbricate arrangement. Athrotaxis selaginoides differs from Stutzeliastrobus in having a thicker and more elaborate bract-scale complex with terminal ligule-like scale. These characters place Stutzeliastrobus close to the basal monogeneric subfamily Taiwanioideae (Herrera et al. 2017 ). L e c t o t y p e . NM-F 2746, designated here in, Text-figs 1a-f, 2, 3a, c-f, housed in the National Museum, Prague. P l a n t F o s s i l N a m e s R e g i s t r y N u m b e r . PFN000138 for new combination; PFN000140 for lectotype designation.
T y p e l o c a l i t y . Harcov near Dvůr Králové n. Labem, the Czech Republic.
T fig. 3a shows the basal part of the adaxial surface of the bract-scale complex with centrally placed thickened stalk (arrow). The abaxial surface of the bractscale complex is delicately ribbed (Text-fig. 1b ). MicroCT study revealed numerous morphological and anatomical details used for the emended diagnosis, particularly the arrangement of seeds (Text-figs 1e, f, 3c-e). The seeds are arranged in the basal part of the bract-scale complexes (Text-figs 1e, f, 3a), typically two or three (Text- fig. 1e, f) . The mature seeds (Text- fig. 3d , e) are ovoid, 5-5.6 mm long and 3-3.2 mm broad; immature seeds (Text- fig. 3b, f) are smaller, 3-3.5 mm long and 2-2.5 mm broad. The wing is arranged in the distal part (Text- fig. 3b, c, e) .
The specimens figured in Bayer (1914: figs 21a, b, 22a, 23a; 1920: figs 21a, b, 22a, 23a) are not so well preserved; they are mostly impressions of external cone surfaces (Text- fig. 3a ). Specimen No. NM-F 4551 (Bayer 1914 : fig.  21a ) shows a basal part of a cone (60 × 30 mm), showing an impression of its external surface (Text- fig. 4a ), with fragments of lignified deltoid bracts-scale complexes 10-11 × 5-7 mm in size. One of them has a preserved terminal part with a well-preserved mucro (Text- fig. 4a, arrow) .
Specimen NM-F 872 (Bayer 1914: fig. 21b; 1920: fig. 21b ) display a twig 60 mm long, 2 mm broad, with two branchlets and terminally born ovuliferous cone (36 × 6 mm; Text-fig. 4b ). The branchlets, angled off at 30°, are fig.  3b ).
Sterile foliage. Fragments of branches are preserved as leaf compressions (Text-figs 4, 5a-c). The most complete branch was figured by Bayer (1914: fig. 21c; 1920: fig. 21c; No. NM-F 877) , showing leaves rhomboidal, keeled, amphistomatic (Text- fig. 5f ). Helically arranged leaves are small (0.8 mm broad, 1-0.8 mm long), appressed to the axis (Text-fig. 5c ).
The adaxial cuticle is thinner than the abaxial cuticle (Text- fig. 5d ), it shows two stomatal bands 80-150 μm wide (Text- fig. 5e ). Ordinary epidermal cells (10-25 × 25-45 μm) are elongate to polygonal, with straight anticlinal walls. Monocyclic to amphicyclic stomata with well-cutinized guard cells are sunken in oval pits surrounded by 4-6 unspecialized subsidiary cells (10-25 × 25-40 μm) (Text- fig. 5f ). They are orientated transversely or obliquely to the leaf margin (Text-fig. 5d ). The hypodermis is cutinized, and it was difficult to remove its remnants from the preparation. The abaxial cuticle is thicker than the adaxial, and shows only few stomata (Text-fig. 4d ); ordinary cells are quadrangular, nearly isodiametric (25-40 × 35-80 μm) with straight or bent anticlinal walls (Text-fig. 4f ). Fresh material collected in the locality by JK in 1997 was used for SEM studies (NM-F 2840) and further cuticle preparations (NM-F 2747). It shows details of a leafy shoot (Text-fig. 4c ). Basal parts of leaves are covered by irregularly scattered oval pits that probably represent stomata. D i s c u s s i o n . Fossil remains of this conifer were collected and described by Bayer (1914 Bayer ( , 1920 who assigned them to the genus Cyparissidium, based particularly on observations of foliage. MicroCT studies of the wellpreserved specimen, suggested here as a lectotype, allowed a more accurate interpretation of the ovuliferous cone and twig, and a better description of its anatomy. Based on this new data, we were able to compare the cone with previously described taxa with well-preserved anatomy, rather than with only compressed specimens. The comparison mentioned in the discussion to the genus resulted in a new interpretation of this conifer, and its transfer to the recently described genus Stutzeliastrobus.
Stutzeliastrobus bohemicus differs from S. foliatus F. Herrera et al., 2017 in having ribbed cone-bract complexes, delicately toothed in their terminal parts, and large ovoid seeds.
Foliage of Stutzeliastrobus bohemicus is very similar in appearance to Cyparissidium gracile (Heer) Heer from the Cretaceous of Greenland (Heer 1868: pl. 43, figs. 1e, 3c; Heer 1874: pl. 17, fig. 5b, c, pl. 18, fig. 6b, pl. 19, figs 1-11, pl. 20, fig. 1e, pl. 21, figs 9b, 10d) . The type specimens stored in Naturhistoriska riksmuseet, Stockholm, were sampled for cuticle analysis, but without success. The best cuticle preparations were obtained from non-figured material (S 087443), the locality of Ekkofrat. The cuticle pattern of both taxa is also very similar. The type material of C. gracile yields only one incomplete ovuliferous cone (S 87438, S 105123, part and counterpart -Heer 1874: pl. 19, figs 8, 9b) , which is poorly preserved, so it is difficult to compare it with S. bohemicus. As already mentioned by Harris (1979) , the species C. gracile, although used as the type of the genus, shows characters of the broadly defined genus Brachyphyllum. The same problem existed with the species C. bohemicum. This problem for the Czech material is now solved, due to the well-preserved lectotype, which allowed its transfer to the genus Stutzeliastrobus.
The leaves of Stutzeliastrobus bohemicus resemble those of Taiwania, showing similar morphology and micromorphology of epidermis: mature leaves of Taiwania are shortly decurrent, keeled, amphistomatic and appressed to the stem (Farjon 2005) .
From other fossil cupressoid conifers, Stutzeliastrobus bohemicus is most similar to Cunninghamiostrobus yubariensis StopeS et Fujii from the Late Cretaceous of Japan (Ohana and Kimura 1995) . Stutzeliastrobus bohemicus differs from Cunninghamiostrobus yubariensis in having rhombic flat, non-peltate bract-scale complex, but lacking adaxial socket-like cavities and pronounced interseminal ridges.
Another similar fossil conifer genus, Austrohamia, contains two species: Austrohamia minuta eScapa, cúneo et axSmitH from the Early Jurassic of Argentina (Escapa et al. 2008: fig. 11O ) and Austrohamia acanthobractea J.Wei ZHanG, D'roZario, L.I.WanG, Y.Li et J.yao from the Middle -Late Jurassic of China (Zhang et al. 2012) . They both have bract-scale complexes similar to Stutzeliastrobus bohemicus, but differ in having only one or two seeds per bract-scale complex (Herrera et al. 2017) .
Juvenile cone scale complexes Athrotaxites stockeyi eScapa et al., 2016 (Escapa et al. 2016 ) from the Late Cretaceous of USA have a similar number of seeds per scale complex (3-4), but differ from Stutzeliastrobus bohemicus in having an ovuliferous cone scale complex already robustly thick in the juvenile stage.
Parataiwania nihongii M.niSHiDa et al. from the Late Cretaceous of Japan (Nishida et al. 1992 ) differs from S. bohemicus in having a thicker bract-scale complex of ligulelike shape, more like Cunninghamia.
Compression/impression material of Taiwania cryptomeroides described from the Early Cretaceous to Pliocene localities of Siberia, Japan and Alaska is discussed and summarised by LePage (2009) . The paper documents the probable existence of the taxon in Alaska since the Late Cretaceous, but due to the poor preservation of the fossil plant material, particularly ovuliferous cones, this assumption remains open until better material becomes available. The same is true for ovuliferous cones and twigs of Taiwania schaefleri ScHLoemer-jäGer described from the Palaeocene of Svalbard (Schloemer-Jäger 1958, Budancev and Golovneva 2009) .
Remarks on palaeoenvironment
Reconstruction of the palaeoenvironment as mesophytic coniferous forests dominated by S. bohemicus is based on the morphology of S. bohemicus shoots. The shoots are covered by small rhomboidal imbricate leaves sheathed with quite thick cuticle. The presence of the xerophytic fern Nathorstia Dašková 2007, 2010) and the absence of typical flood plain and swamp elements in the material collected from the Harcov locality provide another argument for interpreting S. bohemicus as a slope, upland plant. Occurrence of Stutzeliastrobus bohemicus in the Peruc-Korycany provides another example of Early Cretaceous/Jurassic relict being present in the Peruc Flora. This is similar to what has already been observed in other localities hosting mesophytic Early Cretaceous elements, such as Nilssonia, Sagenopteris, Nilssoniopteris, Zamites (Kvaček 1994 , 1995 , 1999a , Knobloch and Kvaček 1997 . Their occurrence documents environmental stability of habitats of pre-Alpine Central Europe during the Cretaceous.
Conclusions
Stutzeliastrobus bohemicus is described as the first taiwanioid conifer from the Cenomanian Peruc Flora of the Bohemian Cretaceous Basin. It shows a number of similarities with Stutzeliastrobus foliolatus from the Early Cretaceous of Mongolia, including the same morphology of the bract-scale complex, number of seeds per bract-scale complex and general cuticle pattern. However, it differs in details of its bract-scale complex and stomatal distribution on abaxial cuticle. In terms of phytogeography, S. bohemicus represents a distant relative of S. foliolatus, suggesting survival of this genus in pre-Alpine Central Europe through the Cenomanian.
